Abstract The Mediterranean spongofauna is relatively well-known for habitats shallower than 100 m, but, differently from oceanic basins, information upon diversity and functional role of sponge grounds inhabiting deep environments is much more fragmentary. Aims of this article are to characterize through ROV image analysis the population structure of the sponge assemblages found in two deep habitats of the Mediterranean Sea and to test their structuring role, mainly focusing on the demosponges Pachastrella monilifera Schmidt, 1868 and Poecillastra compressa (Bowerbank, 1866). In both study sites, the two target sponge species constitute a mixed assemblage. In the Amendolara Bank (Ionian Sea), where P. compressa is the most abundant species, sponges extend on a peculiar tabular bedrock between 120 and 180 m depth with an average total abundance of 7.3 ± 1.1 specimens m -2 (approximately 230 gWW m -2 of biomass). In contrast, the deeper assemblage of Bari Canyon (average total abundance 10.0 ± 0.7 specimens m -2
Abstract The Mediterranean spongofauna is relatively well-known for habitats shallower than 100 m, but, differently from oceanic basins, information upon diversity and functional role of sponge grounds inhabiting deep environments is much more fragmentary. Aims of this article are to characterize through ROV image analysis the population structure of the sponge assemblages found in two deep habitats of the Mediterranean Sea and to test their structuring role, mainly focusing on the demosponges Pachastrella monilifera Schmidt, 1868 and Poecillastra compressa (Bowerbank, 1866) . In both study sites, the two target sponge species constitute a mixed assemblage. In the Amendolara Bank (Ionian Sea), where P. compressa is the most abundant species, sponges extend on a peculiar tabular bedrock between 120 and 180 m depth with an average total abundance of 7.3 ± 1.1 specimens m -2 (approximately 230 gWW m -2 of biomass). In contrast, the deeper assemblage of Bari Canyon (average total abundance 10.0 ± 0.7 specimens m -2 , approximately 315 gWW m -2 of biomass), located in the southwestern Adriatic Sea between 380 and 500 m depth, is dominated by P. monilifera mixed with living colonies of the scleractinian Madrepora oculata Linnaeus, 1758, the latter showing a total biomass comparable to that of sponges (386 gWW m -2 ). Due to their erect growth habit, these sponges contribute to create complex three-dimensional habitats in otherwise homogenous environments exposed to high sedimentation rates and attract numerous species of mobile invertebrates (mainly echinoderms) and fish. Sponges themselves may represent a secondary substrate for a specialized associated fauna, such zoanthids. As demonstrated in oceanic environments sponge beds support also in the Mediterranean Sea locally rich biodiversity levels. Sponges emerge also as important elements of benthic-pelagic coupling in these deep habitats. In fact, while exploiting the suspended organic matter, about 20% of the Bari sponge assemblage is also severely affected by cidarid sea urchin grazing, responsible to cause visible damages to the sponge tissues (an average of 12.1 ± 1.8 gWW of individual biomass removed by grazing). Hence, in deep-sea ecosystems, not only the coral habitats, but also the grounds of massive sponges
Introduction
The Porifera fauna of the Mediterranean Sea is one of the best documented in the world although this holds particularly true only for habitats shallower than 100 m. In fact, information on sponges inhabiting deeper settings is scant, fragmentary and sparse in the literature (Babic, 1922; Topsent, 1928; Vacelet, 1960 Vacelet, , 1961 Vacelet, , 1969 Vacelet, , 1996 Uriz, 1981 Uriz, , 1983 Uriz, , 1984 Uriz & Bibiloni, 1984; Zibrowius, 1985; Pansini, 1987; Uriz & Rosell, 1990; Pansini & Musso, 1991; Maldonado, 1992; Voultsiadou-Koukouras & Van Soest, 1993 , Boury-Esnault et al., 1994 Ilan et al., 1994 Ilan et al., , 2003 Magnino et al., 1999; Uriz & Maldonado, 2000; Longo et al., 2002) . Furthermore, most of these observations are derived from bottom sampling not deliberately targeting sponges in a systematic way. Sampling in the deep sea is often biased towards soft-bottom habitats, which are easier to sample by trawling than the lessaccessible hard substrata. The first in situ observations that focused on deep sea sponges are those carried out in the Cassidaigne Canyon, near Marseille, by Vacelet (1969) in a manned submarine (Soucoupe plongeante Cousteau: SP 300). In the last few years, the exploration of the deep sea realm, due to the implementation of non-invasive techniques such as Remotely Operated Vehicles (ROV), increased steadily. Using this technique, important new information were obtained on Mediterranean deep sea inhabitants, including sponges (Freiwald et al., 2009; Taviani & Angeletti, 2009; Beuck et al., 2010; Mastrototaro et al., 2010; Vertino et al., 2010; Bo et al., 2011a) .
The term sponge ground is commonly accepted as referring to the case of sponges dominating in size and abundance, and also often by the accumulation of skeletal remains, the seabed (Hogg et al., 2010) . They commonly occur on patchy hard substrata surrounded by unstable soft bottoms, but some species are specialized to live on sand and mud. Deep-water sponge grounds are also known to occur in distinct areas where local environmental conditions are suitable for their, usually slow, growth (Hogg et al., 2010) . Although in the Mediterranean Sea sponge beds have not been recorded so far, grey literature and fishermen bycatch indicate the existence of large sponge assemblages also for this temperate basin.
Seamounts and submarine canyons, intrinsically difficult to survey due to their rough topography and vigorous current regime, were chosen as study sites since they may host structured and diverse suspension feeders communities, in which Porifera often play a leading role (Bourcier & Zibrowius, 1973; Boehlert & Genin, 1987; Tunesi et al., 2001; Samadi et al., 2007; Freiwald et al., 2009; Clark et al., 2010; Hogg et al., 2010) . In this context, the Amendolara Bank (Ionian Sea) ( Fig. 1 ) has been extensively investigated in the past on its shallow euphotic top resulting in substantial information on the benthic coralligenous biota (Rossi & Colantoni, 1976; Panetta et al., 1985; Perrone, 1985; Strusi et al., 1985; D'Addabbo Gallo et al., 1987; Cecere & Perrone, 1988; Di Geronimo et al., 1998) . On the contrary, no precise documentation was given for the deep mesophotic assemblages below 100 m depth, characterized by sparse rocks surrounded by muddy bottoms, suitable for the settling of deep suspension feeders such as sponges. The Bari Canyon (southwestern Adriatic Sea: Fig. 1) , instead, is known to be an optimal area where to investigate the complex interplay between topographic setting, hydrologic regime and the biological response of benthic communities Bianchelli et al., 2008) . Indeed, recently, lush deep-water coral communities dominated by the frame-building scleractinians Madrepora oculata Linnaeus, 1758 and Lophelia pertusa Linnaeus, 1758, often intimately associated with sponges and serpulids, have been documented from the steep flanks and other hardbottom settings in the canyon system between 350 and 650 m depth (Freiwald et al., 2009) . As the nearby deep water coral province of Santa Maria di Leuca (Taviani et al., 2005a, b; Longo et al., 2005; Freiwald et al., 2009; Mastrototaro et al., 2010; Rosso et al., 2010 , with references therein), the Bari Canyon represents an important biodiversity hotspot dominated by suspension feeders, mainly corals and sponges.
The aims of this study are to characterize the population structure and to test the structuring role of the sponge assemblages in deep habitats of the Mediterranean Sea mainly focusing on the two demosponges, Pachastrella monilifera Schmidt, 1868 and Poecillastra compressa (Bowerbank, 1866).
Materials and methods

Data collection and analyses
Data here presented were recorded during two ROV campaigns performed in August 2009 and July 2010 on board R/V Astrea of ISPRA (MoBioMarCal project) and R/V Urania of CNR (E.U. HERMIONE project) for the Amendolara Bank and the Bari Canyon, respectively. The ROV Pollux was equipped with a digital camera (Nikon D80, 10 megapixels), an underwater strobe (Nikon SB 400), and a high definition video camera (Sony HDR-HC7). In addition, it was equipped with a depth sensor, a compass, and two parallel laser beams providing a 10 cm scale for measuring the size of the sampled bottom areas.
Eleven adult sponges, 6 orange and 5 white, were collected from the Amendolara Bank with the ROV grabbers for taxonomic identification. Samples were fixed on-board in 4% formaldehyde in filtered sea water and then preserved in 70% ethanol. Spicule complement and skeletal architecture were examined under light microscopy following Hooper (2000) . For SEM analyses, dissociated spicules were transferred onto stubs and sputter coated with gold then observed under a Philips XL20 SEM. No specimens were collected in the Bari Canyon and the species identification was based on the similarity with the Amendolara samples and on the base of a previous taxonomic work conducted in the sponge-white coral habitat of S. Maria Di Leuca (Longo et al., 2005) . In total, 50 and 135 photographs have been analyzed with areas comprised between 0.5 and 3 m 2 , respectively, for the Amendolara Bank (54 m 2 of total explored surface) and the Bari Canyon (128 m 2 of total explored surface). Images were analyzed by ImageJ 1.33 software in order to record both abundance (±SE, standard error) and size (height 9 width in cm) of the sponges counted in the ROV images (211 measures in the Amendolara Bank and 770 in the Bari Canyon). Data were used to depict the community structure in terms of species identification, average abundance, bathymetric distribution, size-frequency distribution and percentage of sea urchin bites. Observations on the coral component (in the Bari Canyon) and on the associated organisms were also recorded for each analyzed image.
To depict the sponge biomass contribution in the two studied assemblages, the average wet weights (WW, expressed as g cm -2 ± SE) for the two studied species (0.33 ± 0.02 and 0.30 ± 0.05 g cm -2 , respectively, for Pachastrella monilifera and Poecillastra compressa) were calculated by weighting the collected specimens. With the same procedure, the biomass of the coral Madrepora oculata (0.73 ± 0.01 g cm -2 ) was calculated for comparison. From the areas of the specimens, measured from ROV images with ImageJ software, the average individual biomass and the total biomass for each species and for each site were obtained. With the same method, the area and biomass grazed.
Study sites
Amendolara Bank is located on the western side of the Gulf of Taranto, in the northern Ionian Sea, about 10 miles offshore Corigliano Calabro (Fig. 1 ). It is a seamount with an almost ellipsoidal surface extending for 31 km 2 from 200 to 26 m depth (Rossi & Colantoni, 1976; Strusi et al., 1985; Di Geronimo et al., 1998; Romagnoli, 2004) . Its top is quite rugged because of peaks, depressions and ridges (Rossi & Colantoni, 1976; Cecere & Perrone, 1988; Ceramicola et al., 2008) . The bathymetric profile of the bank shows two shallow peaks, then, below 50 m depth, the bank is connected with a steep NW side to the flat continental platform, while the other flanks gently dip along the continental slope (Rossi & Colantoni, 1976; Rossi & Gabbianelli, 1978; Romagnoli, 2004) . The flanks of the Amendolara Bank are characterized by frequent slides and by zones with gas emissions along the active tectonic structures (Ceramicola et al., 2008) . The top of the mount is sediment-starved and characterized by the production and accumulation of skeletal hash and finer bioclastic sediment. Coralligenous bioconcretioning, mainly composed of algae, bryozoans, sponges and interspersed coarse sediments, occurs from the top to about 50 m depth (Cecere & Perrone, 1988) . Coarse sediments, becoming progressively finer with depth, are then replaced by mud below 80 m depth (Strusi et al., 1985) . Annual oceanographic measurements document water transparency from about 10 to 16 m, temperature from 13.3 to 18.4°C around 100 m depth (Cecere & Perrone, 1988) , and a predominant NS-flowing current (Grancini et al., 1969) . More in detail, the site explored during the ROV survey is located on the bank SE flank at 39°50 0 17 00 N-16°48 0 52 00 E between 120-180 m Here, the area is characterized by a 'tabular' bedrock interrupted at places by rounded peaks draped by muddy sediment as for the adjacent sea bottom.
Bari Canyon is a remarkable, 30-km long and 10-km wide, WE-trending structure cutting the Apulian outer shelf (Fig. 1 ). It is characterized by multiple heads and two main branches . The northern branch is a narrow, straight incision with a slight steepness. The other branch is wider, asymmetric, U-shaped with a very steep southern wall and a more complex northern side (Turchetto et al., 2007) . The Bari Canyon represents a sort of channel through which suspended fine sediment generated by the Po River (the primary fluvial system entering the Adriatic Sea) is conveyed into the deep southern Adriatic basin through cascading water masses Trincardi et al., 2007; Turchetto et al., 2007) . It also conveys nutrients representing an important source of food nourishing the deep communities (Bianchelli et al., 2008) . The explored area during our ROV survey is located at 41°17 0 15 00 N-17°16 0 38 00 E, between 380 and 500 m depth, along the canyon's southern branch.
Results
The studied species (Fig. 2) Pachastrella monilifera and Poecillastra compressa are two demosponge species belonging to the Order Astrophorida sharing a great morphological and dimensional plasticity, which allow them to grow in a wide variety of different environments and on several types of substrate. Usually, P. monilifera is described as massive or cup-like in shape, and generally white in colour, while P. compressa is reported as plate-or cup-like, and orange in colour when observed alive (Uriz, 1978 (Uriz, , 1982 ; present study). The latter has been reported also white or grey, but exsiccation and fixation may cause colour loss, as observed in our samples.
The spicular complements were compared with literature data (Maldonado, 2002) to verify the taxonomic identification of the samples. On the base of the spicular complement, all white specimens collected on the Amendolara Bank are attributed to P. monilifera (Fig. 2a, d ), while all orange specimens are described as P. compressa (Fig. 2a-c) . Colour, therefore, represented a good identification character for both species in the analysis of the studied ROV images.
Average sizes of the sponges are very similar both between the two species and between the two sites. They range between 6.9-7.2 ± 0.2-0.6 9 10.3-11.7 ± 0.3-1.0 cm for P. monilifera and between 8.1-8.2 ± 1.2-0.4 9 11.9-12.6 ± 0.7-2.3 cm for P. compressa, for Amendolara Bank and Bari Canyon, respectively. Specimens of both species grow more slowly in height than in width. The equations describing the ratio between width and height of the specimens of increasing size are very similar in both species (y = 1.28x ? 1.24 and y = 1.38x ? 0.77 for P. compressa from the Amendolara Bank and P. monilifera from the Bari Canyon, respectively) ( Fig. 3a, b) . The size-frequency distributions of height and width of both species are unimodal with a mode in the classes 4-6 cm both for height and width and a long tail of rare large specimens (Fig. 3c-f) .
In both sites, fan-shaped sponges may show the same orientation on large portions of the sea floor (Fig. 2a, d , e, i), and this habit, in the assemblage of Bari Canyon, is shared also by the coral colonies. In addition, due to silting, especially P. compressa shows a characteristic network of sediment deposited on its mucous ectosoma, around the oscula (Fig. 2b) .
Large groups of close fan-like specimens (up to 10 individuals) of both species are commonly observed on the sea bottom. In both sites, younger specimens are found surrounding adults on the hard substrates or on the dead coral colonies (Fig. 2c, i) . As soon as they grow in height, both species develop a fan-like shape (Fig. 2) . However, P. compressa shows thicker and more regular laminae that are able to fold up forming cup-shaped specimens (Fig. 2a, b) , while P. monilifera generally forms thinner laminae with a folded upper border (Fig. 2d, h ).
Abundance, biomass and bathymetric distribution
Pachastrella monilifera and Poecillastra compressa are the major sponge components in the benthic assemblages settling the deepest reaches of the Amendolara Bank (Fig. 2a-d ) and the Bari Canyon (Fig. 2e-k) . In the Amendolara Bank, the most abundant species is P. compressa (70% of the 270 observed sponges), while in the Bari Canyon P. monilifera is dominant (97.2% of the 1,043 observed sponges). The total average sponge abundance is slightly lower in the Amendolara Bank respect to the Bari Canyon (7.3 ± 1.1 and 10.0 ± 0.7 specimens m -2 , respectively) (Fig. 3) . The Amendolara assemblage shows a patchy distribution, with elevated rocky areas characterized by high sponge densities (up to about 27 specimens m -2 ) interspersed with silted hard substrates deprived of visible epifauna. The assemblage is mixed, with both species contributing to the total abundance (2.6 ± 0.7 and 4.7 ± 0.9 specimens m -2 for P. monilifera and P. compressa, respectively) (Fig. 3) . The assemblage of Bari Canyon shows very high maximal total densities (up to 50 Fig. 2 ROV exploration of the sponge assemblages. a-d Amendolara Bank (120-180 m depth). a Poecillastra compressa and Pachastrella monilifera colonizing the upper side of a tabular bedrock. Below the rock, in the sheltered side, are visible numerous encrusting sponges and ophiuroids. b Cup-like and fan-like shaped specimens of P. compressa entrapping in a network the thin sediment over their surface. c Plate-like adult specimen of P. compressa surrounded by numerous juveniles visible on the muddy bottom. d Plate-like specimens of P. monilifera found on the detrital bottom. Cidarid sea urchins are visible between the specimens. e-k Bari Canyon (380-500 m depth). e Assemblage of fan-like specimens of P. monilifera and Madrepora oculata. f Close sponge-white coral association. g Cidarid sea urchin grazing sponge tissues. h Traces of the grazing activity of sea urchins on the tissues of P. monilifera. i Adult specimens of P. monilifera surrounded by juveniles (white arrows) growing on dead coral skeletons. j Zoanthid polyps (white arrows) growing on a specimen of P. monilifera. k Specimens of P. compressa in the assemblage. Scale bar e 20 cm; a-d, h-i, k 10 cm; f-g, j 3 cm specimens m -2
) and the sponges are widely distributed over the entire explored sea ground.
In the Bari assemblage, P. monilifera is dominant in the entire depth range considered (9.7 ± 0.7 specimens m -2 ), while P. compressa occurs more occasionally (0.2 ± 0.07 specimens m -2 ) (Fig. 5) . On the Amendolara Bank (Fig. 4) instead, the maximum average abundance of P. compressa is recorded in the first considered depth range (120-140 m) (8.6 ± 1.6 specimens m -2 ), then it decreases towards 1.9 ± 1.0 specimens m -2 in the deepest depth range (160-180 m). P. monilifera, instead, shows its maximum abundance (4.4 ± 1.5 specimens m -2 ) in the intermediate depth range (140-160 m). Below 180 m depth, both species become extremely rare.
The total sponges biomass contribution is 230.3 and 315.5 gWW m -2 , respectively, in the Amendolara Bank and in the Bari Canyon. In the first site, , while, in the second site, they occur with a biomass of 338.5 and 5.6 gWW m -2 , respectively.
Functional role of deep sponges
In both under study sites, the sponge grounds, comprehensive of other occasional massive and encrusting sponges species, represent centres of attraction of numerous other species. In the Amendolara Bank, sponges grow in patches, both on the rocks sparse on the muddy sea floor and on the tabular, heavily silted rocks, elevating about 1 m from the bottom. In particular, on the latter, the massive sponges occupy only the upper side of the rocks (Fig. 2a) , together with other occasional species tentatively attributed to the genera Mycale and Haliclona and small colonies of the scleractinian Dendrophyllia cornigera (Lamarck, 1816). The sheltered, lower side of rocks, often featuring cavities and crevices, is occupied by the encrusting blue sponge Hamacantha (Vomerula) falcula (Bowerbank, 1874) and by other unidentified encrusting and massive sponges. Many other species are found living in this benthic assemblage, such as octopuses, polychaetes and echinoderms, for examples, cidarids, Peltaster placenta (Müller-Troschel, 1842) and numerous ophiuroids (Fig. 2a) . Several fish species are observed in this habitat, such as Helicolenus dactylopterus (Delaroche, 1809), Anthias anthias (Linnaeus, 1758), Callanthias ruber (Rafinesque, 1810), Merluccius merluccius (Linnaeus, 1758), Phycis blennoides (Brünnich, 1768), Aulopus filamentosus (Bloch, 1792), Macroramphosus scolopax (Linnaeus, 1758) and Scorpaena sp.
In the Bari Canyon, the sponge assemblage settles on hard substrates and often is intimately associated with living Madrepora oculata colonies (occurring with an abundance of 4.1 ± 0.3 colonies m , that corresponds to a biomass of 386 gWW m -2 ) (Fig. 2e-k) . At places, branches of M. oculata emerge from the holes and crevices of the sponge tissues (Fig. 2f) . Here, P. monilifera and P. compressa show a peculiar association with a small white zoanthid, which resembles Parazoanthus anguicomus (Norman, 1868), although no precise taxonomic identification was possible in absence of actual samples was gathered. Zoanthids, usually observed along the outer margin of their host, appear embedded in the sponge ectosome, emerging with the distal portion of the column (Fig. 2j) . Other massive and encrusting sponges (such as Haliclona sp.) are more rarely observed. The megabenthic community is composed of the species commonly associated with white corals (such as the solitary scleractinian Desmophyllum dianthus (Esper, 1794) and the commensal polychaete Eunice norvegica (Linnaeus, 1767)), hydroids, ceriantharians, colonial scleractinians such as D. cornigera, polychaetes [such as Filograna sp. and Sabella pavonina (Brünnich, 1768) , the latter however, particularly abundant.
Sponges represent also a major source of organic carbon for some of the most abundant vagile organisms moving both on the soft bottom surrounding the rocks covered by the sponges and on the sponges themselves, namely cidarid sea urchins. At both sites, numerous specimens of P. monilifera and P. compressa show traces of predation ranging from ovoid erosions crossing the entire thickness of the sponge tissues to losses of large lobes of sponges. At the end of this process only some fragments of the sponge remain alive (Fig. 2d, f-i) . Both species are affected by grazing, especially P. monilifera. In particular, in the Bari Canyon, where this species is dominant, the average percentage of sponges showing traces of grazing is 20.2 ± 2%. On average, the measured sponges may lose up to 70% of their surface because of grazing, while 12.1 ± 1.8 gWW is the average biomass loss caused by sea urchin predation (with a maximum of 56.3 gWW for a single specimen).
Discussion and conclusion
Sponges may represent one of the most important components of deep megabenthic communities, both in the oceanic environments (Rice et al., 1990; Conway et al., 1991; Klitgaard, 1995; Rogers, 1999; Gerdes et al., 2008; Hogg et al., 2010) and in semi-enclosed basins, such as the Mediterranean Sea (Vacelet, 1969; PulitzerFinali, 1983; Magnino et al., 1999; Longo et al., 2005 , Bo et al., 2011b . Differently from corals, the biodiversity and the ecological role of sponges in deep assemblages is far less appreciated, probably as a result of the difficulty to classify species only through ROV images or to collect small or encrusting specimens.
Among the most interesting sponge grounds described so far, vast Antarctic shelf sponge assemblages are noticeable. They occur between 50 and 350 m depth and are mainly constituted of hexactinellids reaching impressive values of biomass (Barthel & Gutt, 1992; Gerdes et al., 2008) . Other massive glass sponge reefs are found around 140-300 m depth along the northwestern continental margin of North America developing in areas of high sedimentation (Conway et al., 1991) . Along the North Atlantic Ocean shelf edge, sponge grounds are mainly constituted by several demosponge species found at 600-1,000 depth (Hogg et al., 2010) , while dense populations of the hexactinellid Pheronema carpenteri (Thomson, 1869) were discovered along the MidAtlantic Ridge, off Morocco and in the western Mediterranean basin between 500 and 1,600 m depth. This species is able to create grounds extending for kilometres and reaching in certain areas densities up to 6 specimens m -2 (Rice et al., 1990; Barthel, 1996) . The existence of Mediterranean sponge assemblages, was recently reported from the white coral banks off Santa Maria di Leuca (Ionian sea) (Longo et al., 2005; Mastrototaro et al., 2010; Vertino et al., 2010) and also from the Bari Canyon, one of the areas here described (Freiwald et al., 2009 ). Finally, even if they do not constitute true sponge grounds, abundant assemblages of massive species were reported also on the rocks hosting wide mesophotic coral meadows along the Italian coast (Bo et al., 2011a) . They represent the second most abundant component in these environments and generally live beneath the coral branching net, forming a sort of ground cover, exploiting the organic particulated matter sinking from above (Bo et al., 2011c) .
This study represents the first description of dense paucispecific assemblages of Poecillastra compressa and Pachastrella monilifera, falling in the definition of sponge grounds in terms of abundance, extension, patchy distribution and ecological role (Hogg et al., 2010) .
Despite the numerous literature records of these species, no ecological data exist on such dense assemblages, neither for the Mediterranean Sea nor for the Atlantic basin. Based also on unpublished records of these species in the Tyrrhenian Sea and on fishermen bycatch, the described assemblages may represent typical Mediterranean sponge grounds. The two studied sites differ in terms of composition of the benthic community, being the Amendolara Bank exclusively characterized by sponges (particularly P. compressa), while the Bari Canyon hosts a mixed assemblage of sponges (mainly P. monilifera) and Madrepora oculata. It is hypothesised that these assemblages are found in sites characterized by locally accelerated currents, enhancing seabed food particle supply (Duineveld et al., 2007; Carlier et al., 2009) , therefore favouring suspension feeders, such as sponges. In both sites studied during this research, the presence of unidirectional bottom currents is hypothesised on the base of the uniform orientation of the fan-shaped sponges and corals (Wainwright & Koehl, 1976; Warner, 1977; McDonald et al., 2003) . Intensity of current is, however, moderate as supposed on the base of the heavy siltation evident on the specimens. In terms of biomass, the Bari assemblage shows the highest value. The oceanographic regime of the canyon together with the co-occurrence of corals, probably favour in this site higher levels of particulated organic matter, hence a more abundant community of suspension feeders. With respect to the Atlantic sponge ground described for the Porcupine Bank (an average of 1.5 specimens m -2 of P. carpenteri) (Rice et al., 1990 ), the Bari Canyon shows comparable values of biomass (315 and 372 gWW m -2 , respectively, for the Mediterranean and Atlantic site), but obviously no reef structure.
The co-occurrence of the two species seems a common feature. Both species show an AtlanticMediterranean overlapped distribution. According to Maldonado (2002) and Cardenas (2010) , in fact, records of these taxa from outside this region have to be attributed to close congeneric species.
P. monilifera was recorded along the entire Tyrrhenian and Ionian Italian coastlines, from Liguria to Apulia, and along the Sicilian coasts, with the exception of the Strait of Messina, but including the Sicilian Channel (Pansini & Longo, 2003 Martinelli et al., 2007) . Records are known also from the entire western Adriatic coastline, from Otranto to Istria. Concerning the rest of the Mediterranean Sea, the species was reported from the Gulf of Lions, from Catalunya and Balearic Islands, Alboran Sea and Algerian basin (Pansini & Longo, 2003 . In the Atlantic Ocean, the species shows an affinity for the temperate-cold fauna, being present in the coasts of Ireland, Azores, Canaries, coasts of Marocco and South Africa (Topsent, 1894 (Topsent, , 1904 (Topsent, , 1928 Ferrer Hernández, 1914; Stephens, 1915; Burton, 1926; Levi, 1960 Levi, , 1967 Uriz, 1988; Boury-Esnault et al., 1994) . Along the Italian peninsula P. compressa was reported for the Tyrrhenian Sea, including Sardinia and Corsica, the Ionian and Adriatic coast (Pansini & Longo, 2003 Martinelli et al., 2007) . In the rest of the Mediterranean Sea, the sponge was reported in the same places as P. monilifera, while, concerning the Atlantic Ocean, it shows a higher affinity for the boreal fauna, having been recorded along the South African coast, Canaries, Azores, Portugal, Atlantic coasts of Spain and France, coast of Ireland, United Kingdom, Norway and Iceland (Topsent, 1894 (Topsent, , 1904 (Topsent, , 1913 (Topsent, , 1928 Ferrer Hernández, 1914; Stephens, 1915; Burton, 1930 Burton, , 1959 Levi, 1967; Borojevic et al., 1968; Boury-Esnault et al., 1994) .
The studied sites show slight differences of sponge abundance: the assemblage of Bari Canyon is more homogeneous than that of Amendolara Bank (97 and 3%, respectively, for P. monilifera and P. compressa for the Bari Canyon vs. 30 and 70% for the same species in the Amendolara Bank). Larval aggregation in a patchy rocky environment probably is among the most important factors influencing specimen distribution. In both sites, the settling of sponges is tightly connected with the presence of hard bottoms (both rocks or dead corals), therefore the species may show a variable distribution (as in the case of Amendolara Bank), with peaks of abundances alternated to areas characterized by heavy sedimentation that are not colonized.
Little information is available about the size structure of sponge populations (Turon et al., 1998) . Sizefrequency distributions, obtained for the two species in the studied localities, indicate unimodal trends with peaks for the intermediate size classes and long tails. This kind of trend is very common in modular organisms like sponges and corals (Linares et al., 2008; Salvati et al., 2010) . We hypothesise that the sponges grow quickly to increase the filtering efficiency and to avoid the sedimentation while their maximal size is probably constrained by the friction with the current (and partially by predation). Tails are composed of few specimens, probably living in peculiar sheltered habitat, that are able to continuously grow.
Regarding their bathymetric distribution, in the explored areas, P. compressa seems less bathophilic than P. monilifera being the most abundant species in the shallower investigated depth ranges of the Amendolara Bank and almost absent in the deepest areas of the Bari Canyon. In general, both P. compressa and P. monilifera are eurybathic species commonly recorded also inside the shallow water coralligenous concretions (Bertolino, 2011) . While in deep habitats (more than 50 m depth), they show a characteristic massive fan-like or cup-like shape, in the coralligenous they are insinuating. This observation shows the importance of the coralligenous as centre of biodiversity (Ballesteros, 2006) : this habitat, in fact, may host deep species characterized by a high phenotypic plasticity which allow them to live in the crevices of the concretions.
The numerous associated organisms found within the two under scrutiny communities indicate that P. monilifera and P. compressa, due to their massive, elevated morphology, may create three-dimensional habitats over homogeneous, sedimented hard bottoms, providing suitable refuges for other benthic organisms or for vagile fauna. Among the most specialized epibionts we found a small, white zoanthid tentatively attributed to the genus Parazoanthus, living as symbionts with both sponge species. Symbiotic relationships between sponges and zoanthids have been frequently observed in tropical and subtropical waters (Swain & Wulff, 2007; Reimer et al., 2008) , from shallow to deep habitats (Beaulieu, 2001 ). In the Mediterranean Sea, it is well documented the recurrent relationship between Parazoanthus axinellae Schmidt, 1862 and several species of sponges belonging to the genus Axinella (Sarà & Vacelet, 1973; Previati et al., 2010) , however, some species are more commonly found on hard bottom substrates (Salvati et al., 2010) . As pointed out recently (MontenegroGonzález & Acosta, 2010), the sponge morphology is an important trait in zoanthid habitat selection. In our case, the zoanthid probably finds refuge into the tissues of the sponge and, contemporaneously, exploits the water flow from an elevated position respect to the sedimented bottom, where it was never observed.
From an ecological point of view, these sponge species may play the same engineering role held by colonial, arborescent corals in deep environments (Klitgaard & Tendal, 2004; Hogg et al., 2010; Bo et al., 2011c) .
These sponges, moreover, represent an important step for the benthic-pelagic coupling in the studied assemblages. Even if many sponges avoid predation through the production of secondary metabolites (Clavico et al., 2006) , the studied species are strongly exploited by the grazing activity of cidarid echinoids. The presence of sponge spicules in the gut content of these sea urchins was already observed in the Mediterranean Sea by Tortonese (1965) while several observations on the diet of these organisms, based on sponges and corals, were made in cold-water ecosystems (Jacob et al., 2003) . Previous authors (Freiwald et al., 2009 reported the grazing activity of sea urchins on the coral component of the Bari assemblage, suggesting that these grazers may represent the most important biotic constraint for these communities. The grazing activity has a considerable impact also on the sponge component. We have estimated, in fact, that about 1/5 of the sponge specimens living in the studied sites shows traces of foraging. Since cidarids are known to be widely distributed on the Mediterranean soft bottoms, it is plausible that the organic faecal pellets produced by these vagile predators are then released both within the assemblage and in its neighbourhood, fertilizing the area in the proximity of these habitats.
Due to the high local biodiversity supported by these ecosystems, to the important functional roles held by the sponge components and to their vulnerability towards trawling activities, it is strongly recommended to pursue, also for these deep habitats, protective measures, as suggested for the recently discovered mesophotic coral meadows and Atlantic sponge grounds (Hogg et al., 2010; Bo et al., 2011a) .
